We had previously found that male mice could be trained to discriminate between the urine odor of aged and young adult (adult) mice. We hypothesized that these odors that characterized the older animals might be inhibited by a mixture of extracts (AAM) of mugwort and mushroom, because previous studies have indicated that these extracts could be used to reduce the intensity of unpleasant body odors. The findings of this chemical study strongly suggest that the AAM function helped to modify the aged mouse urine odor so that it more closely resembled the smell of urine from younger mice. Based on the results of the chemical studies, a set of behavioral experiments were therefore conducted. The results of three sets of generalization trials also strongly supported the results of the chemical studies. Togethers, these results suggest that ingested AAM decreased the intensity of odors associated with aging in mice.
Body odors provide a rich source of chemical-sensory information. For example, the species, gender, reproductive state and individual identity of an individual can be determined solely by its odor. [1] [2] [3] [4] In addition, the body odor is commonly believed to change with age based in part on indications that an animal's age can be determined by its scent. [5] [6] [7] In the case of humans, dietary and hormonal changes that occur at specific ages and physiological changes are known to be accompanied by body odor changes. [8] [9] [10] [11] Some of these reports have suggested that older people produce, at least in part, chemicals which may cause a distinct and rather unpleasant body odor. 8, 9) However, the chemical and physiological basis of human aging odor still remains elusive, and we are not aware of any previous studies which have successfully demonstrated the use of medical agents to reduce the unpleasant odor associated with aging.
Using mice as a model to detect the unpleasant aging odor which emerged with a physiological change, we investigated the effect of antagonists to modify the mouse urine odor which changes with age. Mice were used since there is extensive information on the chemistry of mouse odors, [12] [13] [14] [15] and we have knowledge of what odorous materials change with age. 16, 17) There are some volatiles which are known to be mouse putative pheromones in mouse urine, 13, 18) although we are not aware of any prior studies involving the agerelated change of these chemosignals. The change of volatiles with age has been suggested by the research of Robinson and colleague who showed that the composition of mouse urine varies with age. 19, 20) Our previous studies 16, 17) indicate that, as mice age, their odors change, thus allowing older male mice to be discriminated from otherwise identical adult, sexually mature individuals. Moreover, we have provided evidence for the identity of some of the volatile compounds (e.g., 2-phenylacetamide, 2PA; indole, IND) underlying these changes and suggested that their presence may reflect age-related changes in the animal's immune system (for 2PA) and age-related changes of intestinal microbial flora and/or the metabolic activity of amino acid intermediates in the liver (for IND).
The study herein describes how a mixture of two medical herbs, namely, mugwort and mushroom, appears to reduce the intensity of odors indicative of aging in mice. We chose the mixture of these two herbs as a test sample for the following reasons: The mugwort (Artemisia princeps: AP), which is a asteraceous perennial herbaceous plant, has a rich fresh aroma, has been used from ancient times in East Asia as an all-purpose drugs for anti-aging, as a disinfectant, and for improving the immune system, gastrointestinal tract and liver functions, which are closely related to body odor. 21, 22) On the other hand, the mushroom (Agaricus bisporus: AB) is widely used all over the world as an edible fungus, and it has been reported to reduce the smell of excrement and unpleasant body odor. 23 ) Therefore, we hypothesized that the administration of an AP and AB mixture (AAM) would have a positive effect on modulating the body odor in aged individuals.
To test this hypothesis, a chemistry experiment and behavioral experiments were performed. We used a chemical analysis by gas chromatography-mass spectrometry (GC-MS), flame ionization detection-gas chromatography, 16) a pattern analysis of the urine odor composition, 24) and a standard odor training paradigm 25) to show the antagonistic effect of AAM on the odor of aged animals.
Materials and Methods
Mice. Odor-donor and trained odor sensor mice were of the inbred strain C57BL6J-H-2 k (referred to here as K mice). The mice were bred at the Monell Chemical Senses Center. Each mouse was housed in its own home cage in a room maintained at 25 C with a photoperiod of 12:12 L:D and was provided with continuous food and water. Twenty-four hours prior to the behavioral tests, the sensor mice were deprived of water. 25) All the tests were conducted during the light phase of the photoperiod.
Urine collection and preparation. Urine samples were collected from the adult (3-10 months old) and aged (17-21 months old) male K mice by employing gentle abdominal pressure as previously described. 25) Each sample was stored in a sterile tube at À20 C. Due to the small amount of urine typically produced, test samples consisted of pooled urine collected from two to six individual animals from the same age group. A panel of 15-30 donors provided the urine samples used for the training trials. All experimental procedures were approved by the Animal Care and Use Committee of Monell Chemical Senses Center.
Administration of the deodorants and urine sampling schedule. The commercial mugwort (AP) powder was purchased from Kyodo Nyugyo Co. (Tokyo, Japan). The mugwort leaves were dried in the shade and extracted with hot water, and we expected that there would be substantial amounts of polysaccharides, polyphenols, flavonoids and terpenes which could control the urine odor in the aged mice. [26] [27] [28] [29] The white mushroom (AB) extract (brand name, Bio-M) was purchased from Ricom Co. (Tokyo, Japan). AB was extracted with ethyl acetate from an acidified hot water extract of the fruit body, and we considered that the extract would contained polyphenols which can capture odoriferous chemicals, 23) and also lectins which could also be expected to reduce the aging odor by means of improving the immune system. 30) Both the urine donor mice were assigned to the control group and AAM treatment group. To avoid any aversion by the urine donor mice to AAM which could be evoked by the strong smell developed from AP, the AB and AP extracts were mixed in the proportion of 2:1 (AAM; 2 parts AB and 1 part AP), and before being dissolved in tap water. To determine the concentration of AAM to be used in water, we conducted a pilot study in which we fed various concentration of AAM (0.03-0.18%) to the urine donor mice. We found that when 0.18% of AAM in water was administered to some mice, they did not sufficiently ingest the AAM solution. In order to retain the quantity of water intake and urine excretion of the urine donor mice, the AAM concentration dissolved in water was thus decreased to 0.03%. Hence, the urine donor mice were fed with 0.03% AAM in water for 12 weeks. Urine sampling began 2 weeks after the start of AAM ingestion and continued until the end of the experimental period. To avoid any diurnal fluctuation, urine collection was performed on every sampling day at 9:00-11:00. The AAM-containing water supply for the urine donor mice were then replaced by tap water. After two weeks on plain water, urine samples were collected from the same urine donor mice during a further 2-8-week period. The control urine donor mice were simply administered with AAM-free tap water, the urine sampling schedule being the same as that for the AAM treatment group.
Sample preparation for gas chromatograpic (GC) analyses. To determine the chemical basis for the odor amelioration effect of AAM, chemical studies were performed by using gas chromatography and mass spectrometry. This procedure has been described fully elsewhere.
16) The mouse urine samples (aged mouse urine and aged-after-AAM mice urine) were pretreated by centrifugal ultrafiltration in Centricon-10 tubes (Amicon, 10,000 MW cut off) at 5000 Â g (6500 rpm) at 5 C. We knew that the ethereal extract of acidified mouse urine contained odoriferous chemicals which are known to increase with age, 1 ml of the filtrate was then acidified to a pH value of 4.4-4.6 by adding 200 mg of KH 2 PO 4 -H 2 0, and extracted with 15 ml of HPLC-grade diethyl ether (Sigma-Aldrich Corp., St. Louis, MO, USA) for 2 h with constant agitation on a Tekmar VXR flatbed shaker (Janke & Kunkel, Staufen, Germany). These samples were concentrated to approximately 0.5 ml in a SC210A SpeedVac concentrator (ThermoSavant, Holbrook, NY, USA), and then lyophilized to remove any remaining water.
The chemical analyses were carried out with a Varian 3300C gas chromatograph. The instrument was fitted with a Stabilwax column (30 m Â 0:32 mm Â 0:5 mm; Restek, Bellefonte, PA, USA). The carrier gas was helium and the column flow was at 2.1 ml/min. The oven temperature was maintained at 80 C for 2 minutes and then programmed to increase at 5 C/minute to a final temperature of 240 C. The injector temperature was held constant at 220 C, and detection was performed by flame ionization. The odour compounds were identified by using gas chromatography-quadrapole mass spectrometry (Thermoquest GC 8000 Top/ Finnigan Voyager GC-MS, ThermoFinnigan, Bremen, Germany). Identical column and oven conditions to those described for the chemical analyses were employed. The compounds were identified by comparing the retention times to those of standard chemicals (Sigma-Aldrich) analyzed under the same chromatographic conditions. The mass spectra from NIST92 and in-house libraries were also used.
The analysis of peak heights (as a percent of the total) 14, 16) was undertaken for 37 representative compounds present in control aged mouse urine (n ¼ 6), control adult mouse urine (n ¼ 6) and aged mice that had been treated with AAM, (n ¼ 6). In order to observe the continual (non-temporary) effect of AAM, we analyzed aged mice urine that had been treated with AAM, but 2 weeks or more after the AAM ingestion had been discontinued (this urine is henceforth referred to as aged-after-AAM). The variation in peak heights between the control aged urine group and the aged-after-AAM urine group, and between the control aged urine group and the control adult urine group were assessed by using Friedman non-parametric ANOVA. The samples were prepared and analyzed as triplicates of the adult mouse urine samples, aged mouse urine samples and aged-after-AAM mouse urine samples to rule out any effects due to temporal differences in the extraction and analytical procedures. A pattern analysis of these 37 chromatographic peaks was conducted by a principal component analysis (PCA). 24) PCA employed an algorithm that reduced the dimensionality of a set of partially correlated variables (37 chromatographic peaks) by defining a small number of new variables (called principal components) that accounted for most of the variance in the data set. The principal components were linear combinations of the original variables and were not correlated with each other. The 37 variables were subjected to PCA with a normalized varimax rotation by using STATISTICA software. This resulted in the extraction of two principal components (PC1 and PC2) explaining 52.7% (PC1) and 42.0% (PC2) of the variance in the data set.
Y-maze training and testing procedures. The most straightforward technique to determine the discriminability of two chemosignals (i.e., whether or not they contain different information) is to test whether the sensor mouse in question can be trained to tell them apart. Hence, we used a Y-maze-training technique 25, 31) by which the mouse is trained to discriminate between the samples of urine from donor mice which differ only in their age by using a water reward for water-deprived trained mice. Five adult mice (5 males) were trained in a Y-maze, using the water reward, to detect differences in the urine samples based on the age of the donors. 25) All five mice were rewarded for choosing the arm of the maze scented by the aged urine. In these behavioral experiments, we prepared the same categories (viz., adult and aged) but different batches of urine samples, and then used them for training trials of three experiments (see later). After successful training (>80% concordance for each trained mouse), unrewarded trials were interspersed at an average frequency of one in four with rewarded trials to accustom the mice to the occasional absence of a reward after a correct response. The mice performed with comparable accuracy during these trials.
Generalization. This procedure has been described fully elsewhere. 25) Its purpose was to test the urine samples without a reward and thus obviate the possibility that incidental cues were being learned and responded to. The principle is that, if there is no reward, there can be no learning. The generalization procedure also permits blind testing of coded samples, because the operators of the maze are not required to supply a reward for a correct choice. To maintain the correct response to the learned scent, the unrewarded (generalized) urine samples to be tested were interspersed uniformly with concurrent continued rewarded training, with the familiar urine sources accompanied by a reward for the correct choice. In the present study, we conducted three kinds of generalization trials (see later) that were interspersed within the rewarded urine sample presentation of the choice between urine samples collected from adult and aged mice that had not been exposed to AAM. Study 1 was designed to demonstrate that AAM ingestion changed the urine odor. Thus, control aged mouse urine and aged mouse urine from animals that had ingested AAM were used as the odor sources for the generalization trials. In study 2, adult + AAM mouse urine and aged + AAM mouse urine were used as the odor sources. This set of generalization trials was conducted to investigate whether AAM sufficiently changed the urine odor to inhibit discrimination based on age. Finally, in the third study, generalization trials were conducted to investigate the continuous deodorant effect of AAM on the urine odor from aged mice. Thus, control aged mouse urine was tested against the urine of aged mice that had previously ingested AAM (aged after AAM) but were no longer doing so.
Statistical tests (Fisher exact) were computed after combining the data from all five test mice into a single value.
25)

Results
Chemical studies
To determine the chemical basis for the effect of the AAM treatment, studies were performed using FID-GC ( Fig. 1) and GC-MS. The GC analysis showed no absolute differences in the composition of the three extracts, although differences were observed in the ratio of the acidic components. Out of 37 representative peaks, which had been chosen for comparison purposes based on our ability to reliably measure and identify them, fourteen were identified by their mass spectra and retention times against standard samples (Table 1) . Of these compounds, five including 2-PA, IND and phenol predominated, and methylbutyric acids were proportionally less in the control aged mouse urine in comparison to the mouse urine of aged mice after consuming AAM (Table 1) . When comparing between the control aged mouse urine and adult mouse urine, eight peak heights differed significantly. When comparing both of the statistical results, five compounds were observed to change in the same manner; namely, phenol, cresol, IND and 2-PA were significantly greater in the control aged mouse urine than in either the urine from aged mice after consuming AAM or from control adult mice, and methylbutyric acid was proportionally less in the urine from the control aged mice (Table 1) .
A principal component analysis was conducted and is shown in Fig. 2 . PCA identifies the ''features'' (components) that best discriminate the patterns within a given set, essentially by performing a high dimensional version of the linear best fit.
In the PCA analysis, the points corresponding to the adult (see the Materials and Methods section), aged The total peaks that could be measured (n ¼ 37) and the identified peaks included in Table 2 are ticked with sequential numbers. Median height from 6 urine samples. signifies an increase in peak height with the Aged control, and § signifies a decrease. PCA of the gas chromatographic peaks (n ¼ 37) is illustrated.
after AAM, and aged mice (control non-AAM treated) formed distinct clusters consistent with the present behavioral studies. The cluster of aged-after-AAM mouse urine samples was positioned between the adult cluster and the control aged cluster.
Behavioral studies
According to the results of the chemical study, the oral administration of AAM was thus found to be able to modify the pattern of urinary chemicals in aged mice urine until it approximated to the urine from normal adult mice, even though the treatment with AAM had ceased 2-8 weeks before the urine samples were collected. Based on these results, a set of behavioral experiments was conducted.
Study 1: Five mice were successfully trained to distinguish between the aged and adult mouse urine samples, each attaining a concordance score (correct responses) of around 90% in 397 rewarded (p < 0:001) trials and of 86% in 74 unrewarded (p < 0:001) trials. The generalization trials confirmed that AAM ingestion changed the urine odor of the urine donor mice (see the Materials and Methods section). Hence, the trainee mice were confronted with control aged urine and AAM-treated aged mouse urine instead of adult mouse urine. In 74 subsequent generalization trials, the corrects responses numbered 48 (Table 2 ; p < 0:05).
Study 2: Five mice (the same as those in study 1) were successfully trained to distinguish between aged and adult mice urine samples, each attaining a concordance score (correct responses) of around 89% in 241 rewarded trials (p < 0:001) and 86% in 43 unrewarded trials (p < 0:001). In the generalization trials between adult + AAM mouse urine and aged + AAM mouse urine, these five mice did not exhibit significant generalization (58% in 43 unrewarded trials; Table 2 ; N.S).
Study 3: Five mice (the same as those in studies 1 and 2) were successfully trained to distinguish between aged and adult mice urine, each attaining a concordance score (correct responses) of around 86% in 213 rewarded trials (p < 0:001) and 89% in 37 unrewarded (p < 0:001). In the generalization trials, the trained mice were confronted with the urine choice of aged with no AAM versus aged after AAM. In the 37 subsequent generalization trials, correct responses numbered 29 (78%: p < 0:01), which attests to the continued effect of AAM in modifying the urine odor of aged mice (see 2.4 in the Materials and Methods section, Table 2 ).
Discussion
The overall pattern of results from the behavioral and chemical studies reported here can most reasonably be interpreted to indicate that the administration of the two medical plant extracts, mugwort and mushroom, altered the odor of aged mouse urine to closely approximate to the odor of urine from the younger, adult mice.
The results of chemical studies indicated that, for chemicals that showed an increase with age, e.g., 2PA and IND, 16) the amount was significantly reduced by the AAM treatment. Moreover, the PCA analysis of the three groups (adult, aged, and aged after AAM) also indicated that the pattern of acidified urinary volatiles obtained from FID chromatograms formed three clusters, with that of the control aged mice being set apart from the other two as would be expected, if AAM did in fact reduce the age-specific compounds. Thus, these chemical studies strongly suggest that the administration of AAM could alter the aged mouse urine odor to approximate to the odor of urine from younger mice, and this effect continued for at least 2-8 weeks after the AAM treatment.
The present behavioral studies also totally support the results of the chemical studies. First, we demonstrated that these trained mice could also distinguish between the urine samples from the aged AAM-fed mice and aged control mice ( Table 2 , Study 1). These results demonstrated that the AAM treatment thus altered the urine odor of the aged mice. Next, it was shown that mice trained to distinguish an untreated sample from adult mice vs. one from aged mice failed to distinguish them when the samples were collected from animals that had consumed AAM (Table 2 , Study 2), thus suggesting that AAM ingestion reduced the difference between the adult and aged mouse urine odor. Third, these same trained mice readily distinguished between the urine samples from the control aged vs. aged after AAM Study 3 rewarded 86% (n ¼ 213; p < 0:001) aged urine vs. aged-after-AAM urine unrewarded 89% (n ¼ 37; p < 0:001) 78% (n ¼ 37; p < 0:01)
Statistical tests (Fisher exact) were computed after combining data from all five test mice into a single value (see Yamaguchi et al. (1981) for a discussion). Ã All training trials were performed between the aged and adult mice urine without the AAM.
mice (Table 2 , Study 3). Therefore, this behavioral study also demonstrated the continuous restored effect of AAM on the aged mouse urine odor. The most reasonable explanation for the apparent deodorant activity of AAM may be attributed to the pharmacological effects of AAM. Aging has been shown to be associated with increased reactive oxygen species (ROS), thus resulting in oxidative protein damage to the liver. 32) AP contains antioxidants 26, 27) which can prevent ROS formation. In addition, the flavonoids and polyphenols contained in AP performed a role in controlling the metabolic reactions in the liver. 28, 29) Moreover, AP is known to have an antimicrobial effect on the intestinal microbial flora. 30) We therefore consider that AP ingestion could decrease the aging odor chemicals including IND, in the urine of the aged mouse. AB, on the other hand, contains lectin which can attach to the surface of polymorphonuclear-leukocytes 33) and it is known to cause a modulation of the PML function. This effect may lead to a decrease in 2-PA in the aged mouse urine. Hence, these factors may function to restore aged mouse urine odor to more closely resemble in volatile profile of that from younger mice. In our previous study, it was suggested that age-related changes in the immune system, including changes in the granulocyte function, and changes in the intestinal microbial flora and/or metabolic activity of amino acid intermediates in the liver, underlie the production of aging odor chemicals, namely, 2-PA and IND. 16) Our present behavioral and chemical investigations are thus consistent with this theory.
On the other hand, it is known that the structure of the renal glomeruli changes with age, and thus drastic albuminuria have been provoked in B6 mice, 34) and rats. 35) It is conceivable that the age-related change of renal function may also play a role in the development of the distinct urinary odor from the aged mouse. However, we do not have any knowledge about the effect of AAM on the kidney function, this thus requiring further study.
Regarding another possible mechanism underlying the deodorant effects of AAM, it is possible that AAM may mask the aging odor. AP has a characteristic greenish aroma resulting from at least 192 volatile chemicals (including aliphatic alcohols, aliphatic esters and terpenoids). 22) These volatile chemicals can be expected to be released together with body fluid and are thus emitted as ''edible perfume.'' One explanation postulates that these chemicals derived from AAM may transiently disguise the difference in urine odor between the adult and aged mice by means of imparting their aroma.
In the chemical study, however, we did not find any quantitative differences in the composition of extracted urine between that collected from the control aged mice and that collected from the aged-after-AAM mice, suggesting that the compounds from AAM were almost completely excreted from the body of the urine donor.
In addition, according to the results of behavioral study 3, we do not believe that a mechanism where by AAM transiently disguised the aging odor is able to sufficiently explain the present results. In study 3, we confronted five mice trained to distinguish between adult and aged mice urine with urine samples from aged-after-AAM and from aged mice that had not ingested AAM. If the effects of AAM could transiently disguise the difference in urine odor between the adult and aged mice, the result of the generalization trials between mouse urine from the aged-after-AAM and non-AAMingested aged mice urine would fail (they should smell the same). However, the odor sensor mice trained to distinguish between the adult and aged mice urine could also distinguish the aged-after-AAM mice urine samples from the samples of aged mouse urine from these animals that had not been exposed to AAM (Table 1) (78%: p < 0:01). This behavioral study also indicates that the orally administered AAM continued to be effective long after consumption had ceased.
Clearly, further experimental work is needed to determine the essential chemicals which caused the odor elimination effect. We do not know whether both mugwort and mushroom were responsible for the observed effects or whether only one of these extracts was pharmacologically active. We should therefore determine the deodorant ability of each of these herbs independently in a future study.
Our results highlight the effects of the AAM on the volatiles which have been identified as aging chemicals in acidified mouse urine (viz., 2-phenylacetamide, indole, etc.), 16) but do not preclude an effect on the other chemosignals in male mouse urine. As mentioned in the Introduction section, there are several putative pheromones in mouse urine, 13, 18) and they profoundly influence the characteristic animal behavior and physiological response, e.g., aggression, 36) sexual attraction, 18, 37) and dominance signaling. 38) Although the agerelated changes of these chemosignals still remain elusive, it is thus considered important to ascertain whether AAM administration can modify the amount of these putative pheromones. Therefore, further experimental studies are needed to determine the age-related change of these putative pheromones in mouse urine, in addition to determining the effect of AAM on these chemicals.
